Magnesium ions incorporated calcium phosphate was synthesized by wet chemical route and followed by microwave assisted method. XRD analysis was confirmed that the presence of calcium phosphate (hydroxyapatite). TEM analysis was exhibited rod-like morphology. XRF results were showed the percentage of calcium, phosphate, magnesium and oxygen. There was a slight blue shift observed in magnesium ions based samples. Higher magnesium (0.1Mg-HAp) was revealed the greater discharging time with capacitance voltage (0.55 V). Magnesium based calcium phosphate was showed prolonged rate of drug release. At higher frequency, the Nyquist plot was showed the electrochemical behavior, however at lower frequency, revealed mass transfer process. Magnesium ions tailor the specific capacitance of calcium phosphate. Therefore, magnesium ions based phosphate samples could be an outstanding multifunctional candidate for drug release and supercapacitor applications.
Introduction
Calcium phosphate (Ca 10(PO4)6)(OH)2, HAp) based bioceramics most often employed for bone and dental applications. HAp has been extensively employed for bone and dental replacement and also in drug delivery system. It reveals high osteoconductivity and osteoinduction when implanted in the human body [1] . Hydroxyapatite (HAp) is a dielectric material along with piezoelectric behaviour. Moreover, it can also be used for gas sensing, chromatographic agent etc. HAp solubility was varied by addition of different metal ions incorporation (Na + , Mg 2+ , Ba 2+ , Sr 2+ etc.). Among the metal ions, magnesium ions play an important role for formation of HAp [2] . Metal ion (magnesium) incorporation in calcium phosphate used for UV light emitting applications [3] . Nowadays, for enhancing energy and power demands, supercapacitor is playing crucial role. Supercapacitor is a latest generation of electronic tool to develop battery and capacitor performance in terms of power and energy density respectively. Supercapacitors are also known as electrochemical capacitors due to their superior rapid charge/discharge, long-term cycling stability [4] .
Metal oxide (Mn3O4, RuO2, NiO etc) based materials possess higher specific capacitance with lower stability [5, 6] . Transition metal phosphates contain ammonium transition metal phosphates have been examined and used in many fields [7, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Microwave assisted one-pot oil-in-water emulsion technique for the synthesis of mesoporous NixCo3-x(PO4)2 hollow shell for supercapacitor applications [8] . Supercapacitor stored and discharge electrical energy could be due to electrical double layers development [9] . Carbon based materials such as CNTs have revealed anisotropic microstructure, porous networks, high electric conductivity etc. which were constructed as key candidates for supercapacitor electrodes [10] [11] [12] [13] [14] . For large-scale singlewalled carbon nanotubes (SWCNTs) film with high electric conductivity were employed as supercapacitor electrodes [15] . In the current work, first time magnesium-calcium phosphate material used for supercapacitor and drug delivery applications.
Materials and methods
Magnesium ion incorporated calcium phosphate was synthesized by microwave assisted route. 
Transmission Electron Microscopy (TEM)
HR-TEM analysis was as shown in Fig.2 . Pristine showed rod like morphology and its average particle size (approximately 29×7±3 nm). The particle size of 0.1 Mg-HAp was 23×5±4 nm. The decrease in particles size could be due to magnesium ion in interstitial sites of HAp that could modify the growth kinetics of HAp. M.H. Chen et al. reported that the particle size of nanocrystal about 100 nm (length) and 30-40 nm (width) [17] . In our case, the length decreased by 77 % and width decreased by 87.5 % when compared with M. H. Chen et al. 
Fig. 2. HR-TEM analysis of pristine shows (a) rod-like morphology, (b) magnesium ion (Mg

UV-Vis spectroscopy analysis
UV absorbance of the samples was as shown in the Fig.3B . On magnesium ion incorporation, there was no significant variation observed in the absorbance percentage. However, the doped samples slightly shift towards blue side. Electrochemical impedance spectra (EIS) of samples were measured within the range of frequency from 100 kHz to 500 mHz as shown in the Fig. 3C .
In Nyquist plot showed semicircle at high frequency which was followed by a straight line at low frequency which indicates electrochemical and mass transfer process respectively [16] .
Drug studies
The drug release percentage of amoxicillin incorporated HAp and Mg-HAp samples was as shown in Fig.3D . The 0.1 Mg-HAp revealed rapid drug release at 10 h. Prolonged drug release observed in 0.01 Mg-HAp at 47 h could be due to more binding of Mg 2+ ions with amoxicillin.
As the magnesium ion incorporation increases, the percentage of drug release was enhanced due to lesser binding of drugs which tend to leach more magnesium ions [18] . The Mg-HAp has the potential candidate to deliver drugs efficiently at the pretentious tissues [19] . Normally, sustained release of drug has a trend to transport drug molecules to the targeted cells in a controlled manner [20] . The Mg 2+ incorporated sample (0.01 Mg-HAp) were revealed prolonged rate of drug release in comparison with pristine and 0.1 Mg-HAp. 
Electrochemical measurement
Electrochemical performance of the pure and ion incorporated samples was performed in 20 % KOH within a potential 0.05 to 0.6 V. Fig. 4 demonstrates the CV curves of the samples from 10 mV to 50 mV. There was strong peaks around 0.45 to 0.55 V and 0.35 to 0.45 V attained for all the samples and revealed the reversible Faradaic redox processes of magnesium in KOH solution [22] . Fast current response to the voltage modulation is due to rapid electron transport. Fig. 5 showed the discharge curve of the samples at different current values which were exactly matches with CV results. The GCD (Galvanostatic Charge Discharge) curves of the samples were showed nearly symmetrical shape for various currents in a voltage window from 0 to 0.55 V which demonstrated superior electrochemical supercapacitor behavior. The specific capacitance of HAp, 0.01Mg-HAp and 0.1Mg-HAp was 28.6 F/g, 19.87 F/g and 11.56 F/g respectively which was calculated from charge-discharge curve. Linear profile of the chargedischarge curves of each samples was revealed ideal capacitive performance [22] . Magnesium ion incorporation in HAp enhances the discharging time and could be employed for supercapacitor application and still unclear to understand the mechanism. 
Conclusions
Magnesium ions incorporated calcium phosphate was prepared by microwave assisted route.
XRD analysis was confirmed that the presence of calcium phosphate (hydroxyapatite) with no phase change. Reduced rod like morphology observed on Mg-HAp samples. XRF confirmed that the percentage of calcium, phosphate, magnesium and oxygen. Optical studies were revealed that there was a slight shift towards blue side of the spectrum. Nyquist plot was revealed that the electrochemical behavior at higher frequency. Mg-HAp samples could aid in bone growth, healing of bone cracks and drug releasing properties. Strong peaks around 0.45 to 0.55 V and 0.35 to 0.45 V revealed the reversible Faradaic redox processes of magnesium. Charge-discharge curves of each sample were showed ideal capacitive performance. On magnesium ion incorporation which is able to tailor discharging time with specific capacitance 11.56 F/g along with multifunctional properties which could be useful as novel an electrode candidate for supercapacitor and biomedical applications.
